Abstract
Introduction
The genus Necropsobacter (Christensen et al. 2011) was first described in 2011 [1] . At this time, there is only one species with a validly published name [2] . In 2013, five clinical cases of bacteraemia associated with Necropsobacter rosorum were reported [3] . Members of the genus Necropsobacter were previously associated with the SP group that comprised mainly strains isolated from rabbits, rodents and humans [3] . Because Necropsobacter rosorum was the only described species in this genus with no genome available, we first sequenced its genome for genomic comparison [4] . Necropsobacter massiliensis strain FF6 T (= Collection de souches de l'Unité des Rickettsies (CSUR) P3511 = Deutsche Sammlung von Mikroorganismen (DSM) = 27814) was isolated from a patient with a cervical abscess hospitalized at Hôpital Principal in Dakar, Senegal. N. massiliensis is Gram negative, aeroanaerobic, indole negative, nonmotile, and coccobacillus. This bacterium was cultivated as part of the implementation of matrix-assisted laser desorption/ ionization time-of-flight mass spectrometry (MALDI-TOF) in Hôpital Principal, Dakar, aiming at improving the routine laboratory identification of bacterial strains in Senegal [5] .
The current taxonomic classification of prokaryotes relies on a combination of phenotypic and genotypic characteristics [6, 7] , including 16S rRNA sequence similarity, G+C content and DNA-DNA hybridization. However, these tools suffer from various drawbacks, mainly as a result of their threshold values, which are not applicable to all species or genera [8, 9] . With the development of cost-effective high-throughput sequencing techniques, tens of thousands of bacterial genome sequences have been made available in public databases [9] . Recently we developed a strategy, taxonomogenomics, in which genomic and phenotypic characteristics, notably the MALDI-TOF spectrum, are systematically compared to the phylogenetically closest species with standing in nomenclature [8] [9] [10] .
Here we present a summary classification and a set of features for Necropsobacter massiliensis sp. nov. strain FF6 T , together with the description of the complete genomic sequencing and annotation. These characteristics support the circumscription of the species Necropsobacter massiliensis. bioMérieux, Marcy l'Etoile, France) to improve the microbiology laboratory work flow by enabling rapid bacterial identification. Isolates that are poorly identified using MALDI-TOF are referred to the URMITE laboratory in Marseille, France, for further identification. Strain FF6 T (Table 1) was isolated by cultivation on 5% sheep's bloodenriched Columbia agar (bioMérieux) from the cervical abscess of a 4-year-old Senegalese boy. Strain FF6
T exhibited a 95.17% 16S rRNA sequence identity with Necropsobacter rosorum [1] , the phylogenetically closest bacterial species with a validly published name (Fig. 1) . These values were lower than the 98.7% 16S rRNA gene sequence threshold recommended by Meier-Kolthoff et al. [11] to delineate a new species within phylum Firmicutes without carrying out DNA-DNA hybridization. Different growth temperatures (25°C, 30°C, 37°C, 45°C and 56°C) were tested. Growth was obtained between 37°C and 45°C, with the optimal growth temperature being 37°C.
Growth of the strain was tested under anaerobic and microaerophilic conditions using GENbag anaer and GENbag microaer systems, respectively (bioMérieux), and under aerobic conditions with or without 5% CO 2 . Optimal growth was observed between 37°C and 45°C under aerobic and microaerophilic conditions. Colonies were 1 mm in diameter, grey and nonhaemolytic on 5% sheep's blood-enriched Columbia agar (bioMérieux). Necropsobacter massiliensis is Gram negative, coccobacillus, not motile, and unable to form spores (Fig. 2) . Under electron microscopy, cells had a mean length of 1.5 μm (range, 0.9-2.1 μm) and a mean diameter of 0.4 μm (range, 0.2-0.6 μm) (Fig. 3) .
Strain FF6 T was oxidase positive and catalase negative.
Using an API ZYM strip (bioMérieux), positive reactions were observed for alkaline phosphatase, esterase, leucine arylamidase, phosphatase acid, α-glucosidase and naphthol-AS-BIphosphohydrolase. Negative reactions were noted for α-galactosidase, β-glucuronidase, α-mannosidase, α-fucosi- [33] . If the evidence is IDA, then the property was directly observed for a live isolate by one of the authors or an expert mentioned in the acknowledgements.
name provided allows the identification at the species level; a score of 1.700 to <2.000 allows the identification at the genus level; and a score of <1.700 does not allow any identification. Thus, scores ranging from 1.2 to 1.3 were obtained, suggesting that this isolate was not a member of any known species. The reference mass spectrum from strain FF6 T was incremented in our database (Fig. 4) . Finally, the gel view showed the spectral differences with other members of the family Pasteurellaceae (Fig. 5 ).
Genome Sequencing Information
Genome project history The organism was selected for sequencing on the basis of its 16S rRNA similarity, phylogenetic position and phenotypic differences with other members of the family Pasteurellaceae, and is part of a study aiming at using MALDI-TOF for the routine identification of bacterial isolates in Hôpital Principal in Dakar [1] . It is the second genome of a Necropsobacter species and the first genome of Necropsobacter massiliensis sp. nov. A summary of the project information is shown in Table 3 . The GenBank accession number is CDON00000000 and consists of 101 contigs. Table 3 shows the project information and its association with MIGS version 2.0 compliance [14] ; associated MIGS records are also summarized in Supplementary Table S1 .
Growth conditions and genomic DNA preparation Necropsobacter massiliensis strain FF6 T (= CSUR P3511 = DSM 27814) was grown aerobically on 5% sheep's blood-enriched Columbia agar (bioMérieux) at 37°C. Bacteria grown on four petri dishes were resuspended in 5 × 100 μL of TE buffer; 150 μL of this suspension was diluted in 350 μL TE buffer 10 × , 25 μL proteinase K and 50 μL sodium dodecyl sulfate for lysis treatment. This preparation was incubated overnight at 56°C. Extracted DNA was purified using three successive phenol-chloroform extractions and ethanol precipitation at −20°C of minimum 2 hours each. After centrifugation, the DNA was suspended in 65 μL EB buffer. The genomic DNA concentration was measured at 30.06 ng/μL using the Qubit assay with the high sensitivity kit (Life Technologies, Carlsbad, CA, USA).
Genome sequencing and assembly Genomic DNA of Necropsobacter massiliensis FF6 T was sequenced on the MiSeq sequencer (Illumina, San Diego, CA, USA) with the Paired-end and Mate-pair strategies. The pairedend and the mate-pair strategies were barcoded in order to be mixed respectively with ten other genomic projects prepared with the Nextera XT DNA sample prep kit (Illumina) and 11 other projects with the Nextera Mate-Pair sample prep kit (Illumina). Genomic DNA was diluted to 1 ng/μL to prepare the pairedend library. The "tagmentation" step fragmented and tagged the DNA with an optimal size distribution at 1.5 kb. Then limitedcycle PCR amplification (12 cycles) completed the tag adapters and introduced dual-index barcodes. After purification on AMPure XP beads (Beckman Coulter, Fullerton, CA, USA), the libraries were then normalized on specific beads according to the Nextera XT protocol (Illumina). Normalized libraries were pooled into a single library for sequencing on the MiSeq. The pooled single-strand library was loaded onto the reagent cartridge and then onto the instrument along with the flow cell. Automated cluster generation and paired-end sequencing with dual index reads were performed in single 39-hour runs at 2 × 250 bp.
Total information of 3.89 GB was obtained from a 416 k/ mm 2 cluster density with a cluster passing quality control filters of 95.4% (7 899 000 clusters). Within this run, the index representation for Necropsobacter massiliensis was determined to 
FIG. 5. Gel view comparing Necropsobacter massiliensis strain FF6
T to members of family Pasteurellaceae. Gel view displays raw spectra of all loaded spectrum files arranged in pseudo-gel-like look. X-axis records m/z value; left y-axis displays running spectrum number originating from subsequent spectra loading. Peak intensity is expressed by greyscale scheme code. Colour bar and right y-axis indicating relation between colour peak is displayed; peak intensity indicated arbitrary units. Displayed species are indicated at left. be 7.02% and to present 529 002 reads filtered according to the read qualities.
The mate-pair library was prepared with 1 μg of genomic DNA using the Nextera mate-pair Illumina guide. The genomic DNA sample was simultaneously fragmented and tagged with a mate-pair junction adapter. The profile of the fragmentation was validated on an Agilent 2100 BioAnalyzer (Agilent Technologies, Santa Clara, CA, USA) with a DNA 7500 labchip. The DNA fragments ranged in size from 1 kb up to 6.6 kb, with an optimal size at 4.5 kb. No size selection was performed, and 368 ng of tagmented fragments were circularized. The circularized DNA was mechanically sheared to small fragments on the Covaris S2 device in microtubes (Covaris, Woburn, MA, USA).The library profile was visualized on a High Sensitivity Bioanalyzer LabChip (Agilent) with an optimal peak at 672 bp. The libraries were normalized at 2 nM and pooled. After a denaturation step and dilution at 10 pM, the pool of libraries was loaded onto the reagent cartridge and then onto the instrument along with the flow cell. Automated cluster generation and sequencing run were performed in a single 39-hour run at 2 × 250 bp. Necropsobacter massiliensis strain FF6
T was determined to be 6.86%.
The 639 775 reads were filtered according to the read qualities.
Genome annotation
Open reading frame (ORF) prediction was carried out using Prodigal [15] with default parameters. We removed the predicted ORFs if they spanned a sequencing gap region. Functional assessment of protein sequences was performed by comparing them with sequences in the GenBank [16] and the Clusters of Orthologous Groups (COGs) databases using BLASTP. tRNAs, rRNAs, signal peptides and transmembrane helices were identified using tRNAscan-SE 1.21 [17] , RNAmmer [18] , SignalP [19] and TMHMM [20] , respectively. Artemis [21] was used for data management, whereas DNA Plotter [22] was used for visualization of genomic features. In-house perl and bash scripts were used to automate these routine tasks. ORFans were sequences which have no homology in a given database, i.e. in nonredundant (nr) or identified if their BLASTP E value was lower than 1e-03 for alignment lengths greater than 80 amino acids. PHAST was used to identify, annotate and graphically display prophage sequences within bacterial genomes or plasmids [23] .
To estimate the nucleotide sequence similarity at the genome level between Necropsobacter massiliensis and another ten members of the Pasteurellaceae family, we determined the average genomic identity of orthologous gene sequences (AGIOS) parameter as follows: orthologous proteins were detected using the Proteinortho software [24] (with the following parameters: E-value 1e-5, 30% percentage identity, 50% coverage and 50% algebraic connectivity) and genomes compared two by two. After fetching the corresponding nucleotide sequences of orthologous proteins for each pair of genomes, we determined the mean percentage of nucleotide sequence identity using the Needleman-Wunsch global alignment algorithm. Genomes from the genus Necropsobacter and closely related genera were used for the calculation of AGIOS values. The script created to calculate AGIOS values was named MAGi (Marseille Average genomic identity) and is written in perl and bioperl modules. GGDC analysis was also performed using the GGDC Web server (http://ggdc.dsmz.de) as previously reported [25, 26] .
Here, we compared the genome sequences of Necropsobacter massiliensis strain FF6 T (GenBank accession number CDON00000000) with those of N. rosorum strain P709T (CCMQ00000000), Pasteurella multocida subsp. multocida strain Pm70 (AE004439), Haemophilus influenzae strain Rd KW20 (L42023), Haemophilus ducreyi strain 35000HP (AE017143), Histophilus somnus strain 129PT (CP000436), Haemophilus parasuis strain SH0165 (CP001321), Haemophilus parainfluenzae strain T3T1 (FQ312002) and Aggregatibacter aphrophilus strain NJ8700 (CP001607).
Genome properties
The genome of Necropsobacter massiliensis strain FF6 T is 2 493 927 bp long with a 46.2% G+C content (Fig. 6 ). Of the 2363 predicted genes, 2309 were protein coding genes and 54 were RNA genes including 1 complete rRNA operon. A total of 1838 genes (77.7%) were assigned a putative function. A total of 210 were identified as ORFans (9.09%). The remaining genes were annotated as hypothetical proteins. The properties and the statistics of the genome are presented in Table 4 . The distribution of genes into COGs functional categories is summarized in Table 5 . Total is based on total number of protein coding genes in annotated genome. COGs, Clusters of Orthologous Groups.
